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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE No, 1lih2

AN ANATYSIS OF THE AIRSPEEDS AND NORMAIL. ACCELERATIONS
OF DOUGLAS DC-3 AIRPLANES IN COMMERCIAL
TRANSPORT OPERATION
By A. M. Peiser

SUMMARY

Acceleration ardd alrspeed data in the form of V-G
records from Douglas DC-3 airplenes operated over three
transcontinental routes in the United States have been
analyzed to determine the influences of route, forecasting
and disvatching practices, and operating speed on the
applied loads experienced during commercial transnort
operation. The onerational- life of alrplanes was found’
to be directly related to the operating speeds maintained
in regions of turbulence and to the forecasting facilitles
and dispatching practices of the airline. During a given
reriod of operation, however, for trenscontinental
operation in the United States, differences in route
roughness appear to be so compensated for by the fore-
casting and dispatching practices of the airlines that
route, as a significant parameter in airplane life, may
be neglected.

INTRODUCTION

The present report 1s the second prepared to give
the results of en snalysis of V-G data from commercial
transport airplanes. The first report {(reference 1)
dealt with data obtained from Boeing S-%07 alrplanes flying
in the Carlibbean region. The present report 1s concerned
with an analysis of data obtained with Douglas DC-3
ailrplanes flying over three transcontinental routes in
the United Stetes. The data have been analyzed in
accordance with the method of reference 2 to indicate
the iInfluences on airplane life of route, dispatching
end forecasting praotices, and operating speed.
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SCOPE AND <YALUATION OF DATA

A total of 133 V-G records representing 5,210
hours of flight were evsliable fur the present analyslis,
These records were obtained with the NACA V-G recordsr
(reference %) from DC-3% airnlanes onersted by thres of _
the princiral airlines of the United 3tates during tlie L
period from 1937 to 19ldi. The records were sunnlisd .
to the Langley ilemorigl Aeronautical Laborstory cf the
NACA by the airlines topether with the dates of installa- _
tion and removel, the number of fligzht hours ner record,
the routes flown during the time that the record was
installed in the sirmnlsne, end occezicnel supplomentary
remarks regerding unusual etmosvlieric conditlons or
onereting mwrectices. Since no informetion wes mads
available by—the airlines on the operating weight end
other characteristics of the alrolenes pertinent to
the present revort, the design veluea a= obtained from
references h,to.é have been used. These veluas era
nresented in table I. The limit load fector of 3.lig L
was determined from the other sirplene charectaristics
on the basis of the requirements set forth in rsfercence 7.
This value renresents the accelerstion trhat would result
from an effective pust velocity of 30K feet ner second
encountered at maximum level-flighf sprsed where K 1s the Lo
gust alleviation factor (reference 7)., On the besis of =
the. design gross walght of the DC-% eirolene, & value of -
K of 1.07 has been used in the predent report.

A summery of thé rzcords supplied Ior analysis by
each of the sirlines (roferred to hereinafter ec sirlines I
A, B, and C) is given in table II.  Records were supplied —
by airline A Trom 1937 to 191y and these records heve -
been senarated in table II accordinc to nrewar (before
World Wer II) or war (during World Wer II) ovsreatilon.
Alrlines B and C supvnlied records durins only the prewar -
period. . Inasmuch ss the {light hours per record for -
each alrline covered a fairly wide renge, end since the
method of analysis which hes- been 2mploved reaguires
that the flight time per record be held ressonably uniform,
it was neccessery to restrilect the. anrkrlysis to smellor
grouprs af records for whilch thre ranges of flisht hours .
were not too greet. The ranges of [light hours thst were .
selescted for eech groun of records arc shown in table IT
together with a summery of the recotds thet. corresponded
to thase ranges. The choicz2 of a sultable rangz of flight
hours 1s somewhet-arbitrary. The oresent cholces, however,
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conform to the statement given in reference 2 of the
ranges that are desirsable in the epplicetion of the
present method of analysis.

No attempt has been made in tho present ansalysis
to classify acceleration peaks as due to gusts, gust
mansuvers, or mansuvers. As in reference 1, the
essumptlion has been made that all -large sasccelerations
in flight asre due to gusts.

METHOD OF ANALYSIS AND RESULTS

The method of analysis of the data obtalned with
the DC-3 airplanes 1is exactly the same as the method
used for the date obtained with the S~307 alrplanecs
(reference 1l). 8Six values ars read from each rccord:
the flight time, the maximum indicated -2irspeed Vygx,

the meximum positive and negativé sccecleration incérements
An,.., and the indicated airspeeds 'V, .at which these

maximum sccelerations are experienced. The frequency
distributions of Vpgyx, AOlpggr, and V, far sach of

the alirlines are shown in tables III, TV, and V,
resmectively. Because of the essential symmetry of
vositive and negative accoleration increments, values
of Anga,x Wwere combined without regard to sign.

_ With the aid of the computed mean value Vyax,
Afpsy or Vo, &nd the computed values of the standard

deviation ¢ eand the coefficient of skewness a, Pearson
Type III probability curves (refercnce 2) cen be fitted
to each of the frequency distributions so that estimates
may be made of the probability of exceeding given values
of airspeed and acceleration. By mcans of these
probability curves and tho values of the average record
time Tt in table II, the sverage number of hours
required for each of airlines A, B, end C to exceed
different values of airspeed and acceleration has

been computed in the manner outlined in reference 1.

The results for sirspeed end ecceleration aré shown’ in
figurecs 1 and 2, respectively. The curves of figureos 1
tnd 2 ere merely Pearson Type IITI probabllity curves
referrod to e time scale. Values teken from figures 1
smd 2 at the nlecerd speed (nine-tonths of the maximum
gliding sveecd)} of 257 miles per hour and at tho
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limit~load-factor increment ofELlhg of the DC-3 alrplane
ere summarized in figures 3 and L.

By the procedure in reference 2, "flight envelopes”
have been constructed from the dasta for eech of the
sirlines. These envelopes predict that, in a given
number of flight hours, an average of one airspeed will _
exceed the envelope, and asn averege of one positive and
one negative eacceleration increment will exceesd the
envelone with equal probability of bsing exnericnced
at any airspeed. For comnerlson with other datas, the
flight envelopes corresponding to 10,000, 20,000, end
50,000 hours of flight by airline A during the »rewer
and wer vperiods and by eirlines B end C during the
wrewar period, are shown in figurss 5, 6, 7, and 8,
respectively. The composite V-G cnvelopes raprssenting
all the date suoplied by sach of the eirlines ere also
shown in figures 5 to 8. Por purposes of comparison
the 5000~hour flight envelope has bsen included in
figure 8, inasmuch ss only AKS5 hours of rccords wers
supnlied by eirline C. On several of the individuel
V-G records the flight-acceleretion neeks et low spseds
(100 to 120 miles ner hour) wers exnunged by treces on
the records ceused by lending shocks. The lsndins shocks
so exhibitod on thess records were not included in the
composite V-G enveloves of figures-5 to 8.

The flight envalopes have been converted, by mesns

of' the sharp-edged-gust formule (reference 3), to gust-

velocity envelones which predict thst in & statz=d number

of flight hours, an sversge of one up gust and onc down

gust-will exceed the envelove with cgquel vrobebility of _
being encountered et eny eirsneed.  The 50,000-hour -
effective-gust=veloclty envelones corresponding to-
the 50,000~hour flight envslopes of figurss 5 to 8
are presented in figure 9.

PRECISION

The precision of the NACA V-G recorder and the
limitetions of the method of enalysis employed have
been discussed in refersnce l., The inherent errors in
the V-G recorder should not exceed *0.2g for accelerstion
end 3 percent of the full-scale value for airsveed.
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The use of the design gross welght in the -
calculation of affective gust velocities undoubtedly
results in conservative gust veloclties since, so
far as is known, the DC-3 airplenes were not operated
at weights greetor than their gross weights, Scheduled
operating times that were suoplied by the airlines have
been used as the basis of a rough.calculation of the
average gross weight of the airplane in flight and,
on the avsrage, the offective gust velocity appears to
be conservative by about 5 percent.

DISCUSSION

Applicetion of the methods of raference 2 to the
data obtained with the DC-3% airplsmes- has indicated
certain trends with regard to the influences of routse,
forecasting and dispsastching practices, and operating
scvesd on the life expectency of comrserclal transport
airnlanes, - -

For the enalysis it is necessary to determine
what constitutes a significant difference between two
probsbilities. The criterion esdopted in reference 1 is
employed herein; namely, if one probability is greater
than the other by a ratio of more than 5 to 1, the
differsnce between the probabilities may be ragarded
ags significant.

Route, forecsasting, and dispsatching.- The comblned
effaects on airplene li%é of’ route and of forecasting
end dilspetching practices, as contrasted with the
separate effect of opesreting speed, may be determined
by eliminating, so fer es possible, the influences on
the data of differences in operating speed.  This
determination may be made by selecting a representsative
airspeed for each airline end reducing the data to a
common besis in terms of these representative spceeds.
The spsed selected for each airline is the "probable
speed" v, (reference 1), which is the speed that corre-
sponds to the maximum acceleration increment on the
calculated snvelopes of figures 5 to B. The probable
speed 1s the spped at which the maximum accelcration
Increments will most probably be experienced.
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The influences of route snd of dlapsatching and
forecesting practices ers expressed in terms of the
avorage number of flight hours reguired to cxcsed tne
accezleretion that would be experienced as the rosult
of encountering a gust of given effective velocilty
at probable speed. The effective gust veloclty chosen
for this ourpose is 37.5K feet per sacond, wherc K is
the gust allevistion factor (referance 7). This
nerticular value of gust velcclbty was selectsd so that
the time required to excesd the rcsulting acceleretions
would be roughly comparable to the time rsgquirosd to
excoed the limit losd fector. The aversasge time
regquired to oxcead the acceleration increment »roduccd
by a gudt-velocity of 37.5K feet per second at nrobeble
speed for eech of airlines A, B, and C, s&s deturminoed
from figurc 2, is shown in figurs %. Sincs the time
scele on this figure-is logaritjmic, the 5-to-l
criterion for significent differences may be reprosuntod
by a constant length and 1is included in the {igurc Tor
nurposes of comparison. It will be noted thrt tho
differoncss asmong the eirlines for prewar operatlions
ere not significant on the basis of the 5-to-l criterion.
Thus, at least for transcontinental overetion in the
United 3tetes, differences in routs roughness appeer
to be so comrensated for by veriations in the forecasting
snd dispatching practices of the airlines that routs,
as a significent paremstesr of airplane life, may be
neglected. - '

Foraecasting end dispetching over s given route.-
The fact thet dete from alrline A &rc available for both
nrewar and wer neriods affords an opportunity to determine
the effect on alrplene life of changes in feorecssting
and diswatching techniques over a given route. During
the war perlod, either bocause less sdequate facllitles
for forocasting were available or hbcausc dispsatching
techniques wore deliberetely relaxad, tho alrplenes were
flown through turbulent sir thet would havs ceused
flight cancelatlon in the prewer period. A direct
evelustion of the effect of thesec chenges may bo meado
from the times required to exceecd an effectivs gust
velocity of 37.5K feet per second at probable snsed
(fig.3), 1In fect, figure 3 indicates that the aversgo
time required for airline A to excesd this valus wes
decresased by a fsasctor of 10 during the war noriod.
Since the probable speed for ailrline A is the same
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for both perlods, so that a general similerity of
over=all operating speeds for the two periods may be
inferred, the indicated decrease in time may be abttri-
buted directly to the greater turbulence experisnced
during the war period as a result of eilther less adequate
forecasting facilitles or relaxed dispatching practices.
Thus, forecasting and dispatching practices over a given
route are of appreciable 1mportance in determintng air-
plane life. -

Operating speed.- Since the parameters of route,
forecasting, and dispetching have been shown to have had
no significant influence on girplane life during ths
prewar period, whatever differences exist among the
operational lives for the three sirlines must be attri-
buted toc other factors. The operational lives may be
determined directly from figurs 3 in terms of the
averege flight time required for each airline to excsed
the 1imit load factor. Although the values glven for
girlines A and B are in essential agreement, the
operational 1life for airline C is significantly higher
then the others. In fact, airline C exceeds the 1limit
load factor only about one-tenth as often as do airlines
A and Bs The values of probable speed in figure 3 show
that the difference is due to the fact that the airplanes
of airline C are flown et low spseds In regions of
turbulenes. Wheresas eirlines A and B have probable
spseds of 175 miles »er hour and 170 miles per hour,
respectively, with resulting operational lives of about
equal magnitude, the probable speed of airline C is only
115 miles per hour. Thus operating speed in turbulent sair
i1s apparsntly of primary importance 1ln the determinatlon
of the operational life of airplanes.

Excessive speed.- The rssults shown in figure L,
in which the time required to exceed the limit load
factor in figure 2 and the time required to exceed
placard speed in figure 1 are summarized, indiceate =
direct relationship between these factors. Such a
relationshlp might be expected if, as can be reasonably
assumed, transport airplanes are never intentionally
flown at excessively high speeds and these speeds are
ettained only as a result of the loss of control in
turbulent air,
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CONCLUSTIONS

An analysis was made of the V-G records obtalned
from Douglas DC-3 alrplanes during commercial transport
operation over three transcontinental routes in ths
United States to determine the effects of route,
forecasting and dlspatching practices, and operating
speed on the aoplisd loads experienced during commercieal
transport operation. The analysis indicated the
following conclusions:

le For transcontinental operation in the United
States, differences in route roughness are so compensated
for by variations in the forscasting snd dispatching
practices of the airlines that route, as a significant
parameter.in alrplene 1life, may be neglescted.

2. Forecasting and dispatching practices over a
given route, as reflected in differences between preswar
and war operation, are of apnreciable importance in
determining alrplane life.

3, Operating speed in regions of turbulence is
of primary importance 1ln the determination of_the
operational 1life of alrplanes.

e The average tims required to exéeed the vlacard
speed seems to be directly related to the average time
requlred to exceed the limlt load factor.

Langley Memorial Aeronautical Laboratory
National Advisory Ccmmittes for Aeronautics
Lengley Fleld, Va., April 16, 1946
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TABIE I

CHARACTERISTICS OF DOUGLAS DC-% AIRPLANES

Gross woight, 1D o« o ¢ o &+ ¢ « s« o ¢ o ¢« o & « « 25,200
Wing areg, 8Q £t o« o o o « o o o ¢ o o s o o o« o 3+ 987
Wing span, Tt + ¢ o o o o o « ¢« o s 5 s s « o ¢« « » 95
Mean serodynamic chord, ft . + « .+ . ; --;~. « « « 1l.5

Slope of 1lift curve, per radiem . « « + « « « « « Lb.79

Aspect ratio [ ] * L ] L] L] - L ] L] * - » L] L . L] . L] L] L] 9.1
Maximum level-flight speed, mph . . « « « . + ¢ . « 211
Placard speed, mMPR « o o o o o o o o s s « o » o « o 257

Limit load £8ctor, & « « o « o o o o + =« o « « « o 3,14

NATIONAL. ADVISORY
COMMITTEE FOR AFERONAUTICS

SE e —



TARLE IT
3UF ARY 3 V-G RICORDE 302 LIL FIN ATALYSIS
L > J . R R I | Rernnrdas namd 1 enolvaia
NnLGOTaAs .':iulJpJ_.-.duJ Renges of TR ST ASEAS SRl STy e
Operator | Mumber | Total | flight hours | Nuwber | Totel | Avsregs flight
of flight | used 1in of flight hours el
records | hours anélysis records | hours record, T
A {prewer) 25 17,675 { 575 to &0O 15 ,091 6i|,5
4 (wor) 3% 20,002 | 600 to 80O 20 13,911 695
B (nrewsr) 52 12,048 | 200 to Loo 27 10,187 275
C (prewsr)| 13 h,h85 [ 150 wo h50 | 11 3,252 295

NADTTIONAL ADVISORY
CCMMITTER FOR AZRQNAUTICS

'l |.i; . .:

T7TT TON MY VOUR
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TABLE IIT

FREQUENCY DISTRIBUTIONS AND STATISTICAL -PARAMETERS OF Vpmex

Veloclty Frequency for | Frequency for | Frequency for | Frequency for
{mph.) airline A, airline A, airline B, airline C,
prewar . wap prewar prewar
190 to 194 1
195 to 199 1
200 to 204 L 3
205 to 209 1l T 3
210 to 214 3 6 2
215 to 219 1 1 13
220 to 22 L L 3
225 to 229 3 2 1 1l
230 to 23l L 5 1
235 to 239 2 2 1
20 to 244
245 to 249 1
250 to 254 1
255 to 259 1
260 to 26k 1
Total 15 20 37 11
Vimax 229.8 227.8 215.7 206.6
o 8.3 12.7 9.9 8.7
a 1.04 0.77 1.48 0.79

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV -
FREQUENCY DISTRIBUTIONS #ND STATISTICAL PARAMETERS OF Anpmgx
Acceleretlion | Frequency for | Frequency for | Frequency for Frequency for
inerement airline A, airline A, alrline B, &irline G,
(g units) prewar war prewar prewar
0.30 to 0439 1
0.40 to 0.49 2
0.50 to 0.59 1 2
0.60 to 0.69 1 3 1
0.70 to 0.79 1 2 1 3
0.80 to 0.89 2 9 3
0.90 to 0.99 2 2 6 2
1.00 to 1.09 L 5 8 3
1,10 to 1.19 L 2 1N 2
1.20 to 1.29 6 5 9
1.30 to 1.39 L L é
1.0 to 1.49 2 5 5 3
1.50 to 1.59 1 3
1,60 to 1.69 L - 2
1.70 to 1.79 3 1 2
1,80 to 1.89 3 2
1.90 to 1.99 1 3
2.00 to 2.09 1 1
2.10 o 2.19
2.20 to 2.29
2.30 to 2.39 1
2.0 to 2.49 1
Total 30 ho 7h 22
Kopax 1,23 1.45 1.21 0.89
o 0.30 0.39 0.3 0.32
a 0.6 0.48 » 0.7k 0.25

NATIONAL ADVISORY
COMMITTEE FOR AERONWAUTICS
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TABLE V

14

FREQUENCY DISTRIBUTIONS AND STATISTICAL PARAMETERS OF Vo

Velocity

Frequency for

Frequency for

Frequency ror

Frequency for

"0. 22

(mph) airline A, alrline A, airline B, airline C,
prewar war prewar prewar
.100 %o 109 1
110 to 119 1 L
120 to 129 6 3
130 to 139 1 2 8 2
%0 to 149 3 1 5 8
150 to 159 3 3 13 Ly
160 to 169 L 5 9 3
170 to 179 6 6 13 1
180 to 189 7 6 - 8 '
190 to 199 2 L 1
200 to 209 3 7 2
Total 30 Lo 7L 22
‘-fo 172.0 168.5 158.9 149.5
c 21.2 20.9 2h.2 6.0
a -0.57 «0.75 0.7%

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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